ANDRLÍK BŘETISLAV: Composition of motor vehicle fl eet in the Czech Republic and the European Union. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 2013, LXI, No. 7, pp. 1969-1976 The contribution studies the composition of motor vehicle fl eet in the Czech Republic. The current state of fl eet is discussed and the age indicator of the respective categories of the Czech fl eet is stressed. Average age of the categories of passenger cars, trucks, buses and motorcycles is identifi ed using the results obtained through the analyses of numerical characteristics of the fl eet. The article discusses passenger cars and trucks in more detail because these are the groups representing the largest proportions within the fl eet in the Czech Republic. The evaluation of the Czech fl eet is followed by the identifi cation of key characteristics of fl eets in the EU member states. In conclusion, the need for debate over this topic in the Czech Republic is stressed as well as the necessity of fi nding ways to decrease the average age of the Czech fl eet in the view of negative environmental aspects related to its high average age. road motor vehicle, fl eet age, negative externality, Czech Republic
Motor transport of passengers and freight aff ects the life of each individual both in a positive and a negative way. Expert studies have proved that it increases the standard of living of the population and contributes to the economic development of market economies. At the same time, it produces a wide range of environmental pollutants, the largest component being carbon dioxide (CO 2 ) emissions, one of the negative externalities of road motor transport. Thus, motor transport is the signifi cant producer of CO 2 emissions, attributed a serious impact on global warming. As reported by the Ministry of Transport (2012) , this sector is responsible for 15% of all CO 2 emissions in the Czech Republic, of which individual transport accounts for 52.71% of production of this pollutant and freight transport for 29.45%, according to data of 2011. Other negative aspects identifi ed in connection with road motor transport include traffi c congestions, noise, local pollution and climatic changes, which are typical negative externalities requiring remedial measures adopted by the state. In general it applies that the older the motor vehicle used in road traffi c is, the more harmful emissions it produces. Impact of the fl eet age on the environment has been historically proved by a number of expert studies. The most recent study on this topic, evidencing the direct proportion between the age of the vehicle and the volume of produced harmful substances polluting the atmosphere and as a result the entire environment, is the study entitled "The infl uence of vehicle fl eet on environment", published by SDA-CIA on 27 March 2012, written by Ing. František Horák, CSc. According to SDA-CIA (2012) , burning of hydrocarbon fuels generates two basic types of harmful emissions:
• Directly limited substances -carbon monoxide, hydrocarbon, and nitrogen oxides; CI engines produce substances such as carbon black and liquid components, which cling to dust in the air. These components are restricted by the regulation EHK R15 of 1971 and EC directives, and their limits are gradually tightened to reduce the levels of the above mentioned emissions. The limits are widely known as EURO 1 and higher.
• Indirectly limited substances -carbon dioxide (CO 2 ) and sulphur oxides.
MATERIALS AND METHODS
The volume of harmful emissions generated by road motor traffi c is signifi cantly infl uenced by the composition of the fl eet. The main goal of this contribution is to provide a description and analysis of the current condition of the fl eet in the Czech Republic and selected European Union countries. The aspect under examination shall be in particular the age of the fl eet in the Czech Republic along the predefi ned timeline, and subsequent comparison with data from European Union countries. On the basis of the results of the mentioned description and analysis we shall discuss possibilities leading to the fl eet renewal in the Czech Republic using environmental aspects as motivation.
In order to reach the goal, it is necessary to study a range of specialized sources, in particular national statistical data covering the topic. All the sources used in this article are listed in the bibliography section. This article is based on the analytic method as an approach using the decomposition of a whole into elementary units. The aim of the analysis is to identify the substantial and necessary properties of the elementary units of the whole, their nature and laws. The process consists in decomposition of the examined phenomenon into smaller parts in order to learn its nature. The contribution also uses description for mediating the characteristics of a certain phenomenon or process. Subsequently, the methods of deduction and synthesis are applied to formulate conclusions and recommendations. Basis mathematic and statistical methods shall be used for the calculation of certain numerical data (e.g. the rate of growth).
Basic source data concerning the Czech fl eet are taken from expert studies prepared by renowned agencies specialized in the study of road infrastructure and fl eet in the Czech Republic. Source data for the European Union countries were taken from documents prepared by the European Commission and European Automobile Manufactures Association (ACEA). The analysis of numerical characteristics in the Czech Republic was limited by the unavailability of data a er 30 June 2012.
RESULTS AND DISCUSSION
According to information from the Automotive Industry Association (2012) The development of the numbers of passenger cars is shown in Fig. 1 . From the fi gure it follows that the number of registered passenger cars in the Czech Republic has been growing since 1988. In 1998, a drop in the number of registered cars was recorded due to mass disposal of old vehicles upon the introduction of mandatory insurance. This fact is apparent in particular from the calculations of growth rate indexes of the number of registered cars in the Czech Republic, as stated in Tab. I.
The fl eet age is closely related to the development in the numbers of registered passenger vehicles. The average age of passenger motor vehicles in the Czech Republic is approximately 14 years and this number has not signifi cantly changed over the past few years. According to data from 30 June 2012, 4,638.372 cars of average age 13.9 years were registered in the Czech Republic, while 60% of the total number were older than 10 years, and 33% were older than 15 years.
The average age of cars has not signifi cantly changed since 1995 according to data mentioned in Tab. II. As stated by the Automotive Industry Association (2013), the decisive factor infl uencing the decrease in the age of car fl eet is continuous decommissioning of old vehicles. The high average age of passenger vehicles suggests the long-term insuffi cient modernization of the fl eet with all the inherent negative consequences. The proportion of the fl eet renewal was 3.77% in 2011, which is far below the optimal value of at least 8% to 10% for new cars. The concrete distribution of the total number of registered cars in the respective years according to age ranges is shown in Fig. 2 It follows from the above Fig. 2 that the largest proportion is represented by cars whose age is above 10 years. 60.6% of the total number of cars registered in the Czech Republic as per 30 June 2012 fall within this range.
The largest component of the Czech fl eet, i.e. the above analyzed passenger vehicles, is followed by the description of commercial vehicles. Commercial vehicles include trucks, trailers, special vehicles and other (unclassifi ed) vehicles. As per 30 June 2012, 687,852 commercial vehicles were registered in the territory of the Czech Republic. Of this number 589,229 were trucks, 10,080 were trailers, 34,793 were special vehicles and 53,750 were other commercial vehicles. The development of the total numbers of registered commercial vehicles along the timeline from 1988 to 30 June 2012 is shown in Fig. 3 .
It follows from the calculation of growth rate indexes concerning commercial vehicles in the Czech Republic as seen in Tab. I that the number of registrations of such vehicles has been slowly growing in the long-term perspective. The growth rate of the number of registered commercial vehicles slowed down slightly in 1999 and 2000, which is again connected with the introduction of mandatory liability insurance. Thanks to this circumstance, a large number of commercial vehicles were put out of service. The growing tendency continued until year 2008, when the number of vehicles started to drop slightly as a response to concerns raised by the global economic crisis (690,937 commercial vehicles were registered in 2008, compared to 687,852 as per 30 June 2012).
Tab. III shows the average age of trucks, trailers and special vehicles. The average age of trucks along the entire timeline from 1995 to 30 June 2012 reaches 10 years and one month. The average age of trailers is similar and equals 10 years. The oldest component of the commercial vehicle fl eet is the group of special vehicles with the average age of 20 years and two months. However, this fact is to be expected as this category includes for instance mobile cranes, whose service life is longer than trucks which drive thousands of kilometres per year. It is this last group of commercial vehicles that attributes to the high average age of the entire category, amounting to 17 years and eight months as per 30 June 2012. Commercial vehicles are older than passenger vehicles by 3 years and nine months in average. If we focus separately on the category of trucks and the analysis of the age structure of registered trucks in the same age ranges as the case was with passenger cars, we shall obtain results stated in Fig. 4 . The average age of a registered truck under Tab. III was 10 years and six months in 2011. However, it follows from Fig. 4 that trucks older than 10 years represented 36.9% of the total number of the registered trucks in 2011. Thus, if we compare the results with the results of the category of cars, where 60.6% of the total number of registered cars fall into the range over 10 years, we must establish that the truck fl eet is signifi cantly younger. This fact is also evidenced by total average age values of individual parts of the fl eet in the Czech Republic identifi ed above, where we may say that registered trucks are in average 3 years and six months younger than registered cars.
The high average age of vehicles in the Czech Republic suggests the long-term insuffi cient modernization of the fl eet with all the inherent negative consequences. Tab Source: own calculations according to ISSaR (2012 ), Cenia (2012 operation due to the introduction of mandatory liability insurance for all road motor vehicles. Over the entire monitored period, the highest renewal percentage was registered with passenger cars, where this fact can be attributed to a higher number of newly registered vehicles and owners' eff ort to maintain a certain standard of their means of transport.
For the sake of completeness of the exposition on the average age of vehicles registered in the Czech Republic we also included the average age of buses and motorcycles. The average age of buses, similarly to that of passenger cars, slightly increased during the fi rst six months of 2012, and was 14.68 years as of 30 June 2012 (with 14.56 years as of 31 December 2011). The total of 19,932 buses was registered as of that date. In this category, the renewal of the fl eet has been completely insuffi cient in recent years, too. As far as motorcycles are concerned, there are 959,724 pieces registered in the Czech Republic as of 30 June 2012. The average age in this category was 32.18 years as per the same date. However, motorcycles are 5: Proportion of registered passenger vehicles older than 10 years in the EU, expressed in % Source: own work according to data from the Automotive Industry Association (2012) 6: Average age of passenger vehicles in the selected EU countries Source: own work according to ACEA (2011 ACEA ( , 2012 used on a seasonal basis, and thus the age average is not as important as in the other vehicle categories.
We can fi nd other countries in the European Union, where the average age of motor vehicles is high, too. The following Fig. 5 states the proportion of registered passenger vehicles older than 10 years in those EU member states where the data were available. Unfortunately, it is apparent that within this international comparison, the Czech Republic was in the last place in both the years monitored. Finland was closest to the Czech Republic; however, the year-over-year decrease in the proportion of vehicles older than 10 years in the total number of registered passenger vehicles was 2.4%. On the contrary, in the Czech Republic the proportion raised to 55.5% on a year-over-year basis, and during 2012 it reached 60.6%. The smallest proportion in the given category was ascertained in Ireland, where the proportion of vehicles older than 10 years in the total number of registered passenger vehicles was 13.8% in both the years concerned.
The further analysis presents the average age of vehicles in the EU countries in Fig. 6 . The average age of vehicles without distinction of the respective categories was 8.2 years in 2009 (the value is calculated for the 18 member countries from which we succeeded in obtaining the primary data) and 8.3 years in 2010 (the value is calculated for the 12 member countries which had the primary data available).
Thus we have to conclude that the average age of the respective groups of vehicles in the Czech Republic is below average on a long-term basis if compared with results of calculations within the European Union countries, and the calculations show the tendency of increasing the average age of the Czech fl eet.
Up to this point, our analysis has focused on the so-called static composition of the fl eet on the basis of information available from the Central Register of Motor Vehicles in the Czech Republic. In general we can say that the static composition shows less favourable results concerning emission levels. Old vehicles are usually used much less frequently and their real presence on roads is signifi cantly lower than data from the Central Register of Motor Vehicles would suggest. Therefore it is necessary to base our examination on research conducted directly on roads, to determine the so-called dynamic composition of the fl eet and therefrom derive the real age of motor vehicles using the road infrastructure. The dynamic composition therefore expresses proportions of the respective categories of vehicles in the real traffi c. Analysis of the dynamic composition of the fl eet is rather complex, and therefore the Road and Motorway Directorate of the Czech Republic has not allocated appropriate funds for such research. The last study was prepared in 2010, with the results shown below.
Tab. V shows the average age of the respective groups of the fl eet ascertained using the static and dynamic composition of the fl eet in the Czech Republic. The largest diff erence between the static and dynamic composition is apparent in buses, where the diff erence is 5.88 years. According to ATEM (2010), the general reason for relatively large diff erences is the fact that old vehicles are not frequently used in real traffi c, and thus the static age of the fl eet is misrepresentative. The fact is that it shall always be diffi cult, if not impossible, to conduct a completely precise analysis.
V: Average age of vehicles according to static and dynamic fl eet composition in 2010

Item
Passenger vehicles Trucks Buses
Average age based on dynamic composition 8.5 6.5 8.5
Average age based on static composition 13.7 9.76 14.38
Source: ATEM (2010), Tab. III, Tab. II
CONCLUSION AND SUMMARY
The contribution deals with the analysis of the composition of the motor vehicle fl eet in the Czech Republic. It particularly focuses on the identifi cation of the number of motor vehicles along a predefi ned timeline and on the average age of vehicles, applying static and dynamic composition of the fl eet. The analysis of primary data and subsequent calculations show that the average age of the Czech fl eet has been high on a long-term basis, in particular in comparison with results of analyses in the selected European Union member states. At the same time it was ascertained that the percentage of renewal of the fl eet in the Czech Republic markedly lags behind the recommended values. From the proposition defi ned at the beginning of this article, based on research carried out by SDA-CIA (2012) , that the older the vehicle used is, the more harmful emissions it produces it is clear that the Czech Republic should become involved in the programs or systems that can signifi cantly improve the situation. A solution may be the introduction of a tax tool motivating consumers to replace their old cars with new ones which are more environmentally friendly, and thus to help mitigate negative impacts of transport. Unfortunately, despite all the unfavourable statistics on the current condition of its vehicle fl eet, the Czech Republic does not have any tax tool for motivating its citizens to improve the existing situation. For details on the tax measures -road tax as a source of public budget contribution discusses Andrlík (2013) .
From the theoretical standpoint, the ideal tool for elimination of negative externalities resulting from traffi c is the so-called Pigovian tax. This is a remedial tax, whose main benefi t is the possibility of imposing tax on the negative externality generator in the amount of the costs borne by the society, which would not be taken into account were it not for this intervention (Polluter Pays Principle). However, the main drawback of this idea is that in order to realize this theoretical concept, it is necessary to appraise in money all negative externalities generated by motor vehicles, which is a diffi cult and costly, if not impossible, process. For this reason the fi scal measures in road traffi c use imperfect tools, which may be summarized to excise tax levied on fuels, registration charges and regular annual road tax. It is through the construction of annual road tax that the negative externalities of motor transport may be mitigated, for instance by applying the system functioning in the United Kingdom (the British system is described in detail in Andrlík (2012) . The determination of road tax is directly infl uenced by the defi ned bands of carbon dioxide emission values which motivate taxpayers to purchase greener motor vehicles. The Czech Republic could thus effi ciently resolve not only the issue of negative impacts of road motor transport, but also the reduction of age of vehicles driven on Czech roads.
